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(54) [Title of the InvenUon] DISPLAY DEVICE 



(57) [Abstract] 

[Object] To piovide a display device which can be designed without any limit to size 
and capacity of a TFT for driving an organic EL element. 

[Solution] On an insulating substrate 2, a TFT provided with a source electrode 9 and a 
drain electrode 10, and an organic EL element which is formed by laminatiog an anode 
12 of Mo and ITO, which is connected to the source electrode 9 or the drain electrode 
10, a light-emitting element layer of an organic material, and a cathode 17 of ITO in 
sequence and which is driven by the TFT are provided, and a color filter 22 is provided 



1 



on the anode 12 side of the organic EL element. 



[Scope of Claim] 

(Claim 1] A display device characterized in that a TFT provided with a source and a 
drain is provided on a substrate, and an electroluminescence element which is formed 
by laminating an anode comprising an opaque conductive material, which is connected 
to the source or the drain, a light-emitting element layer, and a cathode comprising a 
transparent conductive material in sequence and which is driven by the thin fihn 
transistor is provided over the thin film transistor. 

[Claim 2] The display device according to claim 1, which is characterized in that a 
transparent sulwlrate provided with a color element is arranged on the cathode side of 
the electroluminescence element, and the color element on the transparent substrate is a 
color filter layer or a color-converting fluorescent layer. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Field of Application] The present invention relates to a display device 
provided with an electroluminescence (Electro Luminescence: hereinafter referred to as 
"EL") element and a thin film transistor (Thin Film Transistor; hereinafter referred to ^ 
"TFT") on a substrate. 
[0002] 

[Prior Art] Recently, a display device provided using an EL element has attracted 
attention as a display device instead of a CRT or a LCD. 

[0003] Fig. 3 is a sectional view of a conventional color display device provided with an 
ELelementandaTFT. 

[0004] As shown in the figure, a TFT is formed, which is made by forming in sequence, 
a gate electrode 3, agate insulating film 4, an active layer 5 provided with source region 
6 and drain region 7, an interlayer insulating film 8, a source electrode 9 and a dram 
electrode 10 coimected to a source region 6 and a drain region 7 respectively, and a 
planarization insulating film 11, on an insulating substrate 2 made of glass, a synthetic 
resin, or the like. This TFT has the source electrode 9 connected to an anodel2 of an 
organic EL clement, which comprises ITO (Indium Tin Oxide), and serves as a 
switching element of the organic EL element. 
[0005] The organic EL element is formed on this TFT, 

[0006] TTie or^ic EL element is formed by laminating the cathode 12 comprising a 
transparent conductive material such as ITO, which is connected to the source electrode 
of the TFT, a second hole transport layer 16 comprising MTDATA (4,4' - bis (3 - 
methylphenylphenylamino) biphenyl), a first hole transport layer 15 comprising TPD (4, 



4', 4" - tris (3 - methylphenylphenylamino) triphenylanine), a light-emitting layer 14, an 
electron transport layer 13 comprising Bebqa and a cathode 17 comprising a 
magnesium-indium alloy (Mgin) in this order. As described above, the respective layers 
13, 14, 15, and 16 comprise the organic compounds, and the organic EL element 
comprises the respective layers, the anode 12, and the cathode 17. 
[0007] It is inside the organic EL element that a hole injected from the anode 12 with an 
electron injected from the cathode 17 are recombined so that an organic molecule 
forming the light-emitting layer 14 is exited to generate an exciton. light is emitted 
from the light-emitting layer 14 in the process of radiative deactivation of this exciton, 
and this light is emitted firom the transparent anode 12 to the outside through the 
transparent insulating substrate 2 (in the drawing, in the direction indicated by an 
arrow), 
[0008] 

[Problems to be Solved by the Invention] However, in the above-mentioned structure of 
the conventional display device, since a light emission from the organic EL element has 
a direction to the insulating substrate 2 with the TFT, there has been a defect that 
emitted light is shielded by the TFT to decrease an aperture ration of the display device, 
[0009] In addition, with the conventional structure, since the TFT is required to be made 
smaller as much as possible to such a degree that a light emission is not shielded, size 
and performance of the TFT are also limited. 

[0010] Therefore, the present invention is accomplished in view of the above-mentioned 
conventional defects, and it is an object of the present invention to provide a display 
device where flexibility can be increased to determine size and driving performance of a 
TFT for driving an EL element in addition to improving an aperture ration of a display 
pixel. 
[0011] 

[Means for Solving the Problems] A display device according the present invention is 
provided with a TFT on a substrate, which is provided with a source and a drain, and an 
electitjluminescence element over the thin fiUn transistor, which is formed by 
laminating an anode comprising an opaque conductive material, which is connected to 
the source or the drain, a light-emitting element layer, and a cathode comprising a 
transparent conductive material in sequence and which is driven by the thin film 
transistor. 

[0012] Further, a transparent substrate provided with a color element is arranged on the 
cathode side of the electroluminescence element, and the a)ldr element on the 
transparent substrate is a color filter layer or a color-converting fluorescent layer. 
[0013] 



[Embodiment Mode of the Present Invention]<First Embodiment Mode> A display 
device according to the present invention is described below. 

[0014] Fig. 1 is First Embodiment Mode, which is a sectional view of a display device 
provided with a color filter as a color element. 

[0015] Each display pixel 1 is formed by laminating a TFT and an organic EL element 
on an insulating substrate 2 such as an insulating substrate comprising glass, a synthetic 
resin or the like, a conductive substrate that has an insulating surface by depositing a 
SiN film, a Si02 film, or the like that is an insulating thin fihn, or a semiconductor 
substrate, and each display pixel is arranged in a matrix shape to form a color display 
panel. The insulating substrate 2 can be either transparent or opaque. 
As shown in Fig. 1, the TFT is a so-called a bottom gate TFT where a gate electrode 3 is 
provided below a gate insulating film 4, and has the same structure as the conventional 
structure using a polycrystalline silicon fUm as an active layer. Therefore, a 
description is omitted. 

[0016] A source electrode 9 of the TFT is connected to an anode 12 of the organic EL 
element. 

[0017] The anode 12 comprises molybdenum (Mo) 12' that is an opaque conductive 
material formed on a planarization insulating film 11 and a surface including a contact 
hall provided in this planarization insulating film 11, ITO is deposited thereon. The Mo 
and rrO may have the same shape. The Mo is provided to reflect light generated in a 
light-emitting layer and emit light efficiently. The opaque conductive material is not 
lunited to Mo, and may be a metal such as aluminum (Al) or silver (Ag). The ITO 
with a large work function is deposited thereon to emit light efficiently from a 
light-emitting element layer in combination with Mo. 

[0018] The organic EL element is formed by laminating the light-emitting element layer 
comprising an electron transport layer 13 comprising Bebq2.a light-emitting layer 14, a 
first hole transport layer 15 comprising TFD (4, 4' ,4" - tris (3 - 
methylphenylphenylamino) triphenylanine), a second hole transport layer 16 comprising 
MTDATA (4, 4' • bis (3 - methylphenylphenylamino) biphenyl), a buffer layer 25 
comprising a material that has a high work function, such as an alkaline metal such as 
lithium or sodium, potassium, an alkaline-earth metal such as calcium or magnesium, or 
fluorine compounds of these metals, which are laminated in this order, between the 
anode 12 connected to the source electrode 9 and the cathode 17 comprising a 
transparent conductive film such as rrO. 

[0019] light emitted from the organic EL element is emitted through the transparent 
cathode 17 to the outside (in the figure, upward on the paper), in other words, which is 
emitted to the side where the TFT does not exist. The cathode 17 is a common electrode. 



and the light emitting layer 14, the election transport layer 13, the respective hole 
transport layer 15 and 16, and the buffer layer 25 are insulated by an insulating layer 18 
between the respective adjacent display pixels 1. 

[0020] In the display panel of the organic EL display device, a color filter 22 is provided 
as a color element. 

[00211 As shown in Fig 1, the color filter 22 provided with red (R), green (G), and blue 
(B) on a transparent insulating substrate 21 such as a transparent film or a glass 
substrate on the side of cathode 17. 

[0022] This color filter 22 has a periphery bonded with an adhesive sealing agent to be 
fix on the side of the cathode 17 of the organic EL element. The color filter 22 each 
color is provided to correspond to the display pixel 1 comprising the TFT and the 
organic EL element. A black matrix (BM) 23 that shields light may be provided between 
the respective colors. 

[0023] Light from the light-emitting layer of the organic EL element is emitted through 
the color filter 22 to show each color in the direction of the arrow in the figure. 
[0024] Here, a luminescent material of the light-emitting layer of the organic EL 
element will be described. 

[0025] The luminescent material of the light^mitting layer 14 of the organic EL 
element is selected to correspond to the color element provided on the organic EL 
element. In other words, in the case of using a color filter provided with R, and B 
like the present embodiment mode, white light is used as light emitted from the organic 
EL element. 

[0026] An emission of white light can be realized by using a ZnBTZ complex or a 
laminate of TPD (aromatic diamine) / p-EtTAZ (1, 2, 4 - triazole derivative) / Alq 
("Alq" means being partially doped with Nile Red that is a red light-emitting pigment) 
as a material of the light-emitting layer 14. 

[0027] In this way, since light can be emitted from the substrate 21 side provided with 
the color filter 22 in this way, the light is not shielded by the TFT. Therefore, 
flexibility can be increased to detennine size and driving performance of the TFT for 
driving the EL element while it becomes possible to design an aperture ratio of the 
display pixel to a maximum. 

[0028] In addition, since the aperture ratio can be improved, it becomes unnecessary to 
inaease a current density to obtain a bright display so that the organic EL element is 
allowed to have a longer life. 

[0029] Further, the luminescent material to be used as the light-emitting layer of the 
organic EL element may use only a white luminescent material in the case of the present 
embodiment mode, and a color "filter comprising three colors of R, G, and B is arranged 



on the transparent substrate 21 just to bond a surface where the color filter is formed 
with the cathode side of the organic EL clement. Therefore, a process can be highly 
simplified as compared to forming materials of three kinds of light-emitting layers 
within an organic EL element in a conventional way in order to emit light in three 
primary colors. 

[0030] Moreover, since emitted light is emitted from the color filter side provided on the 
side of the cathode as a color of the display pixel, an area from which a color is emitted 
is enlarged more than in the case of being emitted from the TFT substrate side in a 
conventional way so that a bright and dear color display can be obtained. <Second 
Embodunent Mode> Fig. 2 is a sectional view of a display device in the case of using a 
color-converting fluorescent layer as a color element. 

[0031] As shown in the drawing, there are different points from First Embodiment 
Mode that a color-converting fluorescent layer 24 is formed on a transparent substrate 
21 instead of the color filter 22 and a blue luminescent material is used as an example of 
amaterial of a light-emitting layer 14. 

[0032] Organic materials are deposited on the transparent substrate 21 such as a glass 
substrate by evaporation to form the color-converting fluorescent layer 24. Then, the 
transparent substrate 21 is bonded on a cathode 17. The case of the color-converting 
fluorescent layer 24 and a blue luminescent material as the light-emitting layer of an 
organic EL element will be described below. 

[0033] TTie color-converting fluorescent layer 24 has a function of converting a color of 
irradiated colored li^t into another color. Therefore, in case of using a blue luminescent 
material for the light-emitting layer 14 to obtain three primary colors of R, G and B 
from the color display device, it is required to use a material by which the blue color is 
converted into a red color or a green color to form the color-converting fluorescent layer 
24. 

[0034] hi case of converting blue light emitted from the light emitting layer 14 of the 
organic EL element into red light, 4 - (dicyanomethylene) - 2 - methyl - 6 - (p - 
dimethylaminostyryl) - 4H - pyran (DCM) or the like is used to form the light-emitting 
layer so that red color can be emitted from a display pixel. 

[0035] Next, 2, 3, 5, 6 - IH, 4H - tetrahydro - 8 - triflurmethylequolzino (9, 9a, 1 - gh) 
coumarin or the like is used to form a material that changes blue light emitted from the 
light-emitting layer 14 of the organic EL element into green light. Then, green light 
can be emitted from a display pixel. 

[0036] In addition, for a display pixel where blue light is emitted from the light-emitting 
layer 14 of the organic EL element, a blue-light conversion layer may be provided in 
order to enhance color purity. In that case, the following blue luminescent material, for 



example is formed. 

[0037] Further, as the blue-light conversion layer, oxadiazole (OXD), an 
azomethine-zinc complex (AZM), and an Al-quinoline mixed ligand complex + 
perylene, or the like is used as the blue-light conversion layer. 

[0038J In this way, the luminescent material to be used as the light-emitting layer of the 
organic EL element may use only a blue luminescent material in the case of the present 
embodiment mode, and only a layer of each of three kinds of color-converting 
fluorescent materials is formed on the transparent substrate 21. Therefore, a process can 
be highly simplified as compared to forming materials of three kinds of light-emitting 
layers within an organic EL element in a conventional way in order to emit light in three 
primary colors. 

[0039] In the present embodiment, the case where blue light emitted from the 
light-emitting layer 14 is described. However, the present invention is not limited 
thereto, and light ftom the light-emitting layer 14 may be red or blue. In that case, a 
color-converting florescent layer comprising materials that convert a red color into a 
blue color and a green color in the case of a light-emitting layer that emits red light 
while a color-converting florescent layer comprising materials that convert a green color 
into a red color and a blue color in the case of a light-emitting layer that emits green 
light. 

[0040] In this way, since light can be emitted from the substrate 21 side provided with 
the color-converting fluorescent layer 22 in this way, the Hght is not shielded by the TFT. 
Therefore, flexibility can be increased to determine size and driving perfonnance of the 
TFT while it becomes possible to design an aperture ratio of the display pixel to a 
maximum. 

[0041] In addition, since the aperture ratio can be improved, it becomes unnecessary to 
increase a current density to obtain a bright display so that the organic EL element is 
allowed to have a longer life. 

[0042] Moreover, also in the present embodiment mode, since emitted light is emitted 
from the color-converting fluorescent layer side provided on the anode, an area from 
which a color is emitted is enlarged more than in the case of being emitted from the TFT 
substrate side in a conventional way so that a bright and clear color display can be 
obtained. 

[0043] In each of the embodiment modes described above, the case of using a 
color-changing florescent layer or a color filter as a color element is shown. However, 
a color filter or a color-converting fluorescent layer or is uimecessary in the case where 
no color display is needed. 

[0044] Further, in each of the embodiment modes described above, the bottom-gate 



structure is described as for a structure of the TFT. However, the present invention is 
not limited thereto, and it is possible to be a so-called a top-gate type that has a gate 
electrode provided over an active layer. 
[0045] 

[Effects of the invention] According to a display device of the present invention, emitted 
light is not shielded by a TFT so that an aperture ratio is not decreased since a light 
emission from an organic EL element has a direction to a transparent insxilating 
substrate side where the TFT is not provided. 

[0046] In addition, since emitted light is not shielded by the TFT, it is possible to make 
to size and performance of the TFT to a maximum. 

[0047] Further, since an aperture ratio can be increased, it becomes unnecessary to 
increase a current density to obtain a bright display so that the organic EL element is 
allowed to have a longer life. 

[0048] Moreover, since emitted light is emitted from a color element side provided on 
the anode, a color area is enlarged more than in the case of being emitted from the TFT 
substrate side in a a>nventional way so that a bright and clear color display can be 
obtained. 

[Brief Description of the Drawings] 

Fig.l is a sectional vieW showing First Embodiment Mode of a display device of the 
present invention. 

Fig.2 is a sectional view showing Second Embodiment Mode of a display device of the 
present invention. 

Fig.3 is a sectional view of a conventional display device. 

[Description of the Reference Symbols] 

2 substrate 

12 anode 

14 light emitting layer 

17 cathode 

22 color filter 

24 color-converting fluorescent layer 
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[0 0 2 8] Sfe. S^li5g®HP^i&I«l±"C^5W 

fcsc < ?i 0 E L is^ ©f^^SrS < f i: ^s^-c^ 

•5. 

[0 0 2 9] WMELSg^W^JtSiLTffltiS 

%^i^^\ii^mmBm<Dm'^\z\t, eeisjttt^t^ la 

^fflt,>5fc-tt-ei<, Sfc. SB^»«2 1±(CR. G, 
B ® 3 feA^ ^. •5 A 5 - 7 -< 5E« L. T-E-0;<j 7- 
7-< ;U5'J&BeS<!:^«E LS^^rofSSfili- SgSSTSfc* 
ItT^^.A^e, ?S3lEC0SP< 3Sfe^%Jt-r«>fc*t-=»«i 
E L 5g^^l 3 W SE ^ O t^ ^ S: fgfig L T 

[0 0 3 0] MIC, «JtJt**iSffiffl'JJr^ttfc*7-7-< 

mi3'ii^^<ur)mi><mmtA-hv * # ^ t ^s*-^ 

<^2<D*igW)gli>0 2(C. SMSgtLT^Jt 

[0 0 3 1] I^Et-3^-r<!D< . S 1 ro5lffiJ^ffi<i:a7S-5 
S?^Sfi2 l±tC*7-7'<;P:J'2 2(rftATl[ 
3te^^M2 4*}gB)cLy'c--S. 1 4ro«^.A^«^A« 

[0O3 2] uy7.&is.^<^m.m&WL2i±.\zmmm\z 
^r)^miAni:mm\.x^^$tmm2 A^mm-^, -e- 

LT-€-<75S?gS1g2 1 Silffil 7±trar!iDMtt*. EAT 
It. mit^8i®2 4,hLT^^EL3il?0^3teS:W6 

[0 0 3 3] l[)t^^l2 4H. fi9lt$n/i«fe5trofi 

1 4 t'ff fe^JtcD W^fflt^T* 7-*^^aA^ ^ 3 li 
ficOR. G. BSr#i^<h-r^.®^JrB: 2 

[0 0 3 4] WWELSfl^cD^Jtl 1 4 f,5g?t Lfe^ 

■>7y/?U'>-2-^t?ji/-6- (p-i^/^jura 

yX5^Jl'U» -4H-t:7> <DCM) ^Srfflt^TJg 



( 4 ) 

5 . 

■[0 0 3 5]>:(r. #«EL^^OfgJtl,l 4*^^%j«e . 
bfc*feJt*&fe3tf'^i|-ri'«^f<tLT. 2, 3, 
5. 6-lH, 4H-f-h-5bKn-8-h'j7D;P/ 
VjP^yU-:^/ (9. 9a, 1 -gh) i7T'J>^Srffl 

•5. .• 
[0036] sfc. wtiE L3g^©^3tsi 4*»'=.flre 

[0 0 3 7] Wfe^JtWffibTtt. ^+i^->*7 

'/-JP (OXD) , 77/?>-ffiffi^{*: (AZM) , 
A 1 - + y ij >ig^E{4^^fls + '^'J U^^^fflti-S. 

[0 0 3 8] i^bT^«EL5gTro^3t®<hLTfflV^ 

nla < 3 Iife^&f£JtT-5 fc*H^r«E L Sg^ll^ir 3 a 20 
[0 0 3 9] ;ft*5. **ffl<7)}gS(ri5HT«. f!^H 1 

■r -5 t -r s- wfeRz/efi i^a^T 

[ 0 0 4 0 ] CtDJ: ^1 m^t^^M 2 4 S;®;tt;tS<S 
2 lffl!))S^^3t^ftt±iT'5-<!:)5^T^^.ro-C. TFTIIJ: 

[0 0 4 1] St. ^7Rli^<^i8a^*(S]±-C#5<D 
< ^i: 13 ^« E L ?: g < -r S d <h € 

[0 0 4 2] MtC, *^«SOJgffitI*lJTt), %JtJtA^ 40 
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[0 0 4 3] 7i*5. ±i£0&SlJS©JB^Ir*3liT«. 
. SSI t L T ;^ 7 - 7 -'I' ^ X ttm^^iei S: ffl t » fc «^ 

[0 0 4 4] ^ft. ±^C0&|ISfi<DJBffiH*3l,VTa. T 

F T<D«jied< h Ay- vm\z'o\,^xm.m\.rztfi^^^ 
\t'tt\\zm.^h<Dx\tts.< . f-hn.m'^m.mm<r>±.i3 

[0 0 4 5] 

ttSfiffli]-C*-5fcsi). ttttJ^n5^*<TFTfIioTi!S 

{0 0 4 6] TFT*<^>tit*jfi»fT€.::<h*<?j£ 
TFTtD^C^^OTlJ-f XRt^TFT<7)«6;^tS 

[0 0 4 7] sen, MP^75<>c€<Te5;ii*>^Hg5 

\,^^^.^n^tL^\zm.m^m'tiz^<r^'i^m^ti.<fs. 

[0 0 4 8] ^}t?t*<^afiiJHSW-tfeg5g 
fflW^^ffiW^nSOr. '{S*<DiD<TFTa«{BiJ:<i^^a 

[0BOW¥Jiitt?^] 

[0 1 ] *aB«<^«ssHcDm 1 ^mmm^kTrstmrn^ 

[0 2 ] *»H^<D«^«B<Dm 2 *JfiJ^fil*S^-r»fS0 
{0 3] S£3tE«3S^gB(^»TE0T$.5. 
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